The expression pattern of the murine A33 antigen has been de®ned during development using wholemount immunohistochemistry. Two temporally and spatially distinct sites of expression were identi®ed: the inner cell mass of the blastocyst and the endoderm cell layer of the intestinal tract where expression is initiated at E14.5 in the hindgut and subsequently extends throughout the length of the intestine. The onset of mA33 antigen expression in the gut occurs at the beginning of an extensive phase of cell movement involved in the conversion of the endoderm cell layer to a single cell layer of polarized epithelium. Expression of mA33 antigen is then maintained into adulthood, where it is a de®nitive marker of intestinal epithelium. q
Results
The human A33 antigen is a transmembrane protein speci®cally expressed throughout the epithelial layer of the adult intestinal tract (Catimel et al., 1996; Heath et al., 1997) , exhibiting universal expression on the cell surfaces of epithelial cell lineages, along both the rostral-caudal and crypt-villus axes (Garin-Chesa et al., 1996) . This tissuerestricted expression, combined with the observation that 95% of colorectal carcinomas also express the A33 antigen, has inspired studies aimed at investigating the usefulness of the A33 antigen as a target for immunotherapeutic treatment of colon cancer (Garin-Chesa et al., 1996; Welt et al., 1996) . The expression of human A33 antigen has not been examined during developmental stages. The normal biological function is unknown but the predicted structure, with an extracellular region comprising two immunoglobulin (Iglike) domains (a V-type and a C2-type), a transmembrane region, and a short intracellular domain, has de®ned the A33 antigen as a member of a novel family within the Ig superfamily (Chre Âtien et al., 1998) . Here we present a detailed examination of the expression pattern of the murine homologue of the A33 antigen (mA33 antigen) during embryogenesis using immunohistochemistry.
We used a rabbit polyclonal antisera raised against the 17 C-terminal amino acids of mA33 antigen to comprehensively examine expression from E2.5 until birth. The antisera speci®cally recognizes the murine form of A33 antigen in Western blots and immunohistochemistry of sections of adult gut (Johnstone et al., 2000) . All samples were compared to control signals generated from preimmune sera or peptide competition of antibody.
Murine A33 antigen expression was ®rst detected at E3.5 in the inner cell mass (ICM) of the blastocyst (Fig. 1B) where it was more strongly expressed by E4.5 (Fig. 1C) . Expression was restricted to the cell-surface and speci®c to the cells of the ICM. A series of optical confocal sections indicated that all the cells in the ICM appeared to express the protein, while cells in the trophectoderm were negative. Expression of mA33 antigen was rapidly lost upon implantation as the proamniotic cavity develops and the ICM cells migrate, proliferate and differentiate to form the columnar epithelial monolayer of the embryonic ectoderm (Coucouvanis and Martin, 1995) . By E5.5, no expression of mA33 antigen could be detected. Similarly, no expression was detected in wholemount or tissue sections of embryos that were extensively examined at all stages from E5.5 until E13.5 (data not shown).
Expression of mA33 antigen was next observed at E14.5 in the hindgut. To precisely examine the temporal-spatial expression of mA33 antigen in the gut, wholemount immunohistochemistry was conducted on microdissected embryonic gut encompassing the stomach right through to the distal end of the hindgut. The expression of mA33 anti-gen initiated in the hindgut at E14.5 (Fig. 1D) and subsequently extended throughout the endodermal layer of the intestine by E15.5 (Fig. 1E ). This pattern of expression is interesting as it contrasts with what is known about the progression of cytodifferentiation in the gut at this stage, which proceeds in a proximal to distal direction (Gordon and Hermiston, 1994) . A higher power view of the hindgut at E14.5 and E15.5 (Fig. 1G,M) and the midgut at E15.5 (Fig. 1J) illustrates that the striking expression of mA33 antigen is restricted to the endoderm cell layer. The cell surface expression is particularly evident in transverse confocal optical sections where all the endodermal cells appear to express the protein while the surrounding mesenchyme is negative (Fig. 1H,K,N) . The onset of mA33 antigen expression in the gut corresponds to the commencement of a substantial phase of cell movement and differentiation involved in the transformation of the pseudostrati®ed epithelium to a polarized monolayer of epithelial cells.
The highly tissue-restricted expression of the A33 antigen in the gut persists throughout the later stages of development. This is clearly illustrated in a sagittal section of an E16.5 embryo (Fig. 2B) where the only tissue expressing A33 antigen is the epithelial cell layer of the gut. The epithelial cell layer primarily consists of a monolayer at this stage and the expression of A33 antigen is observed laterally in cells in this region (Fig. 2D,E) .
Murine A33 antigen expression commences in both the blastocyst and the gut endoderm prior to the formation of the epithelial monolayers of the embryonic ectoderm and intestinal epithelium, respectively. The transient phase of expression observed in the blastocyst contrasts markedly, however, with the mA33 antigen expression observed in the gut which is maintained throughout the later stages of development and into adulthood where it is a de®nitive marker of the basolateral membranes of intestinal epithelial cells (Johnstone et al., 2000) .
Methods

Immunohistochemistry
Blastocysts and embryonic gut were obtained from pregnant ICR mice generated by timed matings. Embryonic gut was ®xed in 4% PFA overnight before permeabilization in 0.1% Triton X-100/PBS, blocking in 2%BSA/PBS and incubation with preimmune IgG or anti-mA33 antigen IgG (5 mg/ml) for 24 h. The gut was then washed extensively in 0.1% Triton X-100/PBS before incubation in Alexa Fluor 546-anti-rabbit IgG (Molecular Probes) overnight. After a series of ®nal washes the¯uorescent signals were visualized using a¯uorescence stereomicroscope (Leica MZ FLIII). Fluorescent and bright®eld images were superimposed using Confocal Assistant (Brelje). Transverse sections of gut were imaged in a confocal microscope (BIO-RAD 1024ES). Blastocysts were essentially processed identically but with shorter incubation times. Section immunohistochemistry was carried out as described in Johnstone et al. (2000) . 
